Introduction
Although the surgical treatment of advanced gastric cancer has progressed, about 50% of patients with serosal involvement develop peritoneal recurrence, despite receiving R0 resection [1] [2] [3] [4] .
In Japan, oral fluoropyrimidine agents have historically been used for adjuvant chemotherapy for gastric cancer. Of these agents, UFT, a combination of tegafur and uracil, has been one of the most popular. A recently developed drug, known as S-1, is a novel oral fluoropyrimidine agent -containing 5-chloro-2,4-dihydroxypyridine and oxonic acid -that exploits the biochemical modulatory activity of 5-fluorouracil. There are several reports that S-1 is effective for peritoneal dissemination after curative resection of advanced gastric cancer [5] [6] [7] [8] .
Paclitaxel (PTX) is a potent inhibitor of cell replication and was originally isolated from the bark of the tree Taxus brevifolia. The antimitotic activity of PTX results from an effective blocking of the late G2 and M phases in the cell cycle. Several reports have demonstrated that systemic administration of PTX is effective in the control of malignant ascites in gastric cancer patients [9, 10] .
Combination therapy using S-1 and PTX for the prevention of peritoneal recurrence of gastric cancer is theoretically promising, due to the unique inhibitory activities of these drugs. As part of our investigation into the clinical applicability of combination therapy using S-1 and PTX, we are conducting a factorial design study of oral fluorouracil agents, such as UFT and S-1, versus combinations of these agents with PTX (SAMIT trial) [11] .
In the present study we investigated the feasibility of combination chemotherapy using S-1 and PTX, shown to be the most toxic combination to patient of the four combinations investigated in the above-mentioned large-scale clinical trial. The endpoints of interest in the present study were the time scale of the treatment regimen and the rate of occurrence of severe adverse events.
Patients and methods

Eligibility
Patients in this study had histologically proven gastric cancer. That is, they showed T3-4 (T3, tumor penetration of serosa; T4, tumor invasion of adjacent structures), N0-2 (no lymph node metastasis or lymph node metastasis to group 1 or 2), P0 (no peritoneal metastasis), H0 (no liver metastasis), M0 (no other distant metastasis), and CY0-1 (benign/indeterminate cells on peritoneal cytology), according to the TNM and the Japanese criteria for gastric cancer. Standard gastrectomy with more than a D2 dissection was performed in all patients. Patients were registered from 2 to 8 weeks following the operation, and chemotherapy commenced within 1 week of registration when it was clear that no other active cancer was present in other organs. Other inclusion criteria were: age 20 to 80 years, Eastern Cooperative Oncology Group (ECOG) performance status [12] >100 IU/l or less than twice the upper limit of normal), adequate renal function (creatinine <1.5 mg/dl, and creatinine clearance >50 ml/min). All patients gave written informed consent, conforming to institutional guidelines, indicating that they were aware of the investigational nature of the study. This protocol was approved by the ethics committees of all participating institutions.
Treatment
Sequential chemotherapy, of PTX following S-1 administration was performed in all patients. PTX was administered for a total of 8 weeks. A dose of PTX of 80 mg per m 2 body surface area of the patient was given, by a 1-h drip infusion after administering standard prophylaxis for taxol-associated hypersensitivity reactions; i.e., dexamethasone (20 mg i.v.), diphenhydramine (25 mg p.o.), and ranitidine (50 mg i.v.). PTX was administered for three courses following S-1 administration, with one course comprising weekly administration for 3 weeks then 1-week rest, except for the first course, in which PTX was administered for only 2 weeks, followed by a 1-week rest. S-1 was administered orally from day 78, at 80 mg per m 2 body surface area, for four courses. Each course comprised 2 weeks' administration followed by a 1-week rest.
Patient evaluation and follow-up
Upon entry into the study, all patients completed a medical history and underwent a physical examination in addition to laboratory studies (complete blood cell count, urinalysis, electrolytes, and renal and liver function tests), chest X-ray, and electrocardiogram. Computed tomography (CT), plain radiograms, and other appropriate imaging tests were performed. Complete blood cell counts, urinalysis, electrolytes, and renal and liver function tests were evaluated at least once weekly, before subsequent cycles, and at the end of protracted administration of PXT and S-1. CT was performed at the start of the third course of PTX treatment and at the start of the fourth course of S-1 treatment.
Toxicity
Toxicity was monitored and graded according to the third version of the National Cancer Institute Common Toxicity Criteria (NCI-CTC) [13] . Assessment of nonhematological toxicity was performed throughout treatment. The correlation between the appearance of severe grade 3/4 toxicity and compliance with the chemotherapy schedule (postponement, stopping, dose decrease) was also investigated.
Statistical methods
This study was designed to evaluate 50 postoperative patients with advanced gastric cancer. The sample size was calculated on the basis that the rate for complete accomplishment of the schedule was expected to range from 75% to 85%. Given the sample size, 95% twosided confidence intervals for this rate were estimated as 10% to 12%, using the normal approximation of binomial variables.
Results
Fifty-one patients were registered in this study. One patient withdrew agreement prior to the start of the chemotherapy. Fifty patients received PTX chemotherapy. Table 1 shows the patients' characteristics. The median age was 62.5 years overall, among the 34 male patients it was 65.5 years, and among the female patients it was 48.0 years. Most of the patients had a performance status of 0. The number of patients in categories T2, T3, and T4 were 1, 44, and 5, respectively. Eight patients had no lymph node metastasis. The numbers of patients with lymph node metastasis to stations N1, N2, and N3 were 20, 21, and 1, respectively. According to the Japanese criteria for gastric cancer, 12, 15, 16, and 7 patients were at stages 2, 3a, 3b, and 4, respectively.
Eight patients did not accomplish the planned treatment schedule; 5 due to toxicity, 2 due to agreement withdrawal, and 1 due to disease progression. Forty-two patients accomplished the full schedule of the treatment regimen (Fig. 1) . Table 2 shows patient compliance with the PTX/S-1 sequential chemotherapy. The rate of total accomplishment of the schedule (i.e., patient compliance) was 84%. Table 3 lists the numbers of patients in whom the dose was decreased (−10 mg/m 2 ) or in whom the treatment schedule was postponed due to toxicity. The most common toxicity was neutropenia. Two patients caught colds, and PTX administration was postponed. In 1 patient, the dose was decreased due to grade 3 diarrhea during the second course of S-1 treatment. Table 4 shows the hematological toxicities. Leucopenia, neutropenia, thrombocytopenia, and anemia were observed in 30 (60%), 29 (58%), 3 (6%), and 40 (80%) patients, respectively, during PTX administra- Table 5 ). Grade 2 alopecia resolved within 9 weeks following the last administration of PTX. One patient showed grade 3 neuropathy during the second course of PTX treatment, with grade 2 neuropathy persisting for 12 weeks following completion of PTX treatment.
During S-1 administration, alopecia remained the most frequent adverse event. In comparison to the occurrence during PTX administration, alopecia affected fewer patients, and those affected recovered. The number of patients with fatigue, and anorexia was greater during S-1 treatment than during PTX treatment, and hyperpigmentation was shown in nine patients during S-1 treatment, whereas this was not seen during PTX treatment. Grade 3 nonhematological toxicity (diarrhea) was observed in one patient during S-1 treatment (Table 6 ).
Discussion
Despite considerable advances in treatment modalities for gastric cancer patients, the 5-year survival rate of resected T3 and T4 cancers in Japan is about 30% [14] . Gastric cancer has a high tendency for recurrence as peritoneal dissemination [15, 16] . The treatment choice is limited once peritoneal dissemination has occurred.
The Japanese Gastric Cancer Association issued the first version of the in gastric cancer treatment guidelines in March 2001. Nakajima [17] has presented an overview of these guidelines. The guidelines essentially define treatment indications according to the clinical stage of the cancer, as defined by the Japanese Gastric Cancer Association. For T3N0 cancers, clinical trials should be conducted to establish standard regimens for adjuvant chemotherapy. For T3N1 and T4N0 cancers, clinical trials of adjuvant and neoadjuvant chemotherapy are indicated. For T3N2 and T4N1 cancers, adjuvant chemotherapy, neoadjuvant chemotherapy, and adjuvant radiotherapy should be performed in the setting of ran- A unique approach, involving oral chemotherapy for postoperative adjuvant chemotherapy, has been used in Japan for a number of decades. Among these approaches UFT (tegafur and uracil) has been most widely used in both clinical trials and in general clinical practice. In recent years, UFT has been gradually replaced by S-1 (tegafur, 5-chloro-2, 4-dihydroxypyridine, and oxonic acid) treatment in general clinical practice, due to high response rates for this agent in two phase II studies in advanced cancers [18, 19] . A phase III study to confirm the efficacy of S-1 treatment in an adjuvant setting is ongoing, and the final results are expected to be published in the year 2010.
The results of a study carried out by Kitamura et al. [7] provided evidence that S-1 could provide promising treatment for patients with disseminated gastric cancer. Several reports suggest that systemic administration of PTX is effective for the control of malignant ascites in gastric cancer patients [9, 10] . In two phase I studies of combination chemotherapy, using PTX + 5-fluorouracil (5-FU) and PTX + cisplatin (CDDP), we measured PTX levels in malignant ascites in two patients with advanced gastric cancer. One patient registered in the PTX + 5-FU study and given 60 mg/m 2 of PTX had serum PTX levels measured 60 h after PTX administration. The other patient, given 80 mg/m 2 of PTX, had serum PTX levels measured 168 h after PTX administration. In these two patient's, the plasma levels of PTX remained within the effective range for 60 and 72 h respectively [20] . These results together with those cited above [7, 9, 10] , suggest that sequential chemotherapy using PTX and S-1 is promising for the prevention of peritoneal dissemination of T3/T4 advanced gastric cancer following R0 resection. There are, as yet, no established combination chemotherapy regimens for advanced gastric cancer. In the adjuvant setting after R0 resection, the target of chemotherapy is micrometastasis, in which cancer cells are heterogeneous, unlike those found in a bulky metastasis. Thus, in the present study, we used two agents for adjuvant chemotherapy, with PXT administration preceding S-1 administration 2 weeks after surgical treatment [21] . We carried out PTX administration before S-1 administration, both because intravenous administration is better than oral administration and to avoid the gastrointestinal toxicity often associated with S-1, because the chemotherapy started from about 2 weeks after the operation. There is no evidence to suggest the appropriate duration of PTX administration in adjuvant chemotherapy for gastric cancer. Therefore, in the present study, we referred to the data of Henderson et al. [22] , showing that sequential administration of PTX for 3 months after doxorubicin and cyclophosphamide administration improved the disease-free outcome and overall survival of breast cancer patients.
A randomized phase III trial with a two-by-two factorial design was planned in order to elucidate the survival benefit of the additional use of PTX administration compared with the administration of the two most popular oral fluoropyrimidines (UFT or S-1) alone. A comparison of UFT and S-1 was also included. The protocol for this study was approved by the Protocol Review Committee of the Japan South West Oncology Group (JaSWOG) [11] . Among the four treatment methods used in this phase III trial, PTX followed by S-1 was predicted to be the most intense. For this reason, the feasibility of sequential chemotherapy using PTX and S-1 was investigated in the present study, and, in this study, the overall compliance rate with this treatment was 84%, which is satisfactory even though patients started within 63 days after radical surgery. There were no patients presenting with grade 4 hematological toxicity. There were two patients with grade 3 nonhematological toxicity; in one of these patients, this toxicity occurred as grade 3 neuropathy in the second course of PTX administration. This patient showed grade 2 neuropathy in the following course of PTX treatment, and accomplished the complete treatment schedule; the duration of the grade 3 neuropathy was 4 weeks. The other patient presented with diarrhea in the second course of S-1 administration. This patient also presented with grade 1 diarrhea in the third course of S-1 treatment; however, the patient did not present with diarrhea in the last course and could have accomplished the entire treatment schedule. From our feasibility study, sequential PTX/S-1 chemotherapy is assumed to be safe and feasible as postoperative adjuvant chemotherapy. We have now commenced a randomized phase III trial with a two-bytwo factorial design to compare the sequential use of PTX and the oral fluoropyrimidines UFT and S-1 to the use of these oral fluoropyrimidines alone.
